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: AbStract |
Focused Topical Sessxen' OXIdefOXIde ceramics and Cempesxtes Meetmg

At the 27" Ammal Cocea Beach Conference and Exposmon on Advanced Ceramlcs &

Composites
Cona 'Beach, FL

(1/26/2003 - 1/31/2003)

Advanced materials are usuaily composzte matenais for structurai components to can'y ‘loads
and/or functional components to accomplish specific tasks. Oxide ceramic, oxide fiber reinforced
ceramic composites and in-situ composites stand out as those which pravzde best pre;aertles in
oxidizing environment. The oxide materials are essential to withstand severe loads in the
oxidizing environment an severe conditions. The oxide ceramics and oxide composites is a
- crucial research area because it’s importance to air breathing engine technology of Us Air Force,
Department of defense and US civilian industry. The components of the oxide ceramics and their
composites are essential for the future aerospace industry and the information of their behavior i is
critical to understand the response of composites. Three focused topical session on the Oxide ‘
- ceramics and Camposﬂ:es has been organized at the 27" Annual Cocoa Beach Conference and
- Exposition on Advanced Ceramics & Composites meeting. These sessions were:
(@) Intrinsic Properties of Oxides (Magnetic, Electrical, ()ptlcai Meehanlcal),
(i) Microstructures and Mechanical Behavior
(iii) - Novel Processmg Techniques.

The proposed meetmg provxded a forum for dzscussmg the essentlal sc1ent1ﬁc 1ssues mvolved in
the development and use of hlgh temperature matenals

BEST AVAILABLE COPY
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Focused Topical Sessien: Oxide/Oxide ceramics and CibmpositéS Meeting

- High performance materials are usually compeszte matenais Omde and {mde fiber remforced

’

cempesﬁes stand out as those whlch provxée the best propemes in oxxdlzmg envn'onment The

- fibers, matrices and the mterfaces are the essent;ai companents in these matenals mad knewiedge

of their behavior is cruczal to understand the response of composﬁes as well as to develep new ‘

design strategies which (}ptlmize thelr use. T he crgamzaﬁen of three focused teizlcai sessxons en

Oxide Ceramics and Composxte at the 27“‘ Annual Cocoa Beach Conference and Expesmon on

A{ivanced Cerazmcs & Composxtes (Ianuaxy 26}’20(}3 thmugh ] anuary 31;‘2{}03) was successfui
The papers of the 1nv1ted speakers are a!:tached as an appendlx and hst of the ;Jresentatmn of these

thtee sessmns aiso mcluded

The purpose of this fecus’ed ses‘sions'wes ‘Eo bnng écientists and engmeers from all o\ér ﬂie‘Wori;i
together in order to gain an mternational perspectxve on new deveiepments in the h:gh
temperature oxide cerazmcs fieid There were twe mv1ted speakers from the Umteﬁ States two
fmm France, and one from Spam The mvﬁed sgeakers are seiected from esteemed umversny and
research argamzatlonsk on their respective centinents. Thehst of myited speakers and the title of

their papers are listed below:

1. Dickey, E}izabefh ! Penn State University -USA

: “ngh-Temperature Resxdual Stress in Textured Oxide Composue

2. Javier Llorca / Pelytechmc Umverslty of Madrid - S?AIN

BEST AVAILABLE COPY
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“Processing, Mic;ostrdcture and Mechanical Behavior of D:irecﬁonaliy;SGIi&:iﬁed Eutectxc
Ceramic Oxides”. . |
3. LéoMazerolles / CNRS - FRANCE
“Syntﬁesis of Naeostructureé Meteﬂais Based on Alumina“
4. Marcelle Gaune-Escarl"d;‘! UISTI-FRANCE |
“Molten Saite:t A ,‘Reute to Tailored Ceramics”
s, ~ Kenneth Sandhage,/ OSU — USA |
“Bioclastic Processing of SeIf-AssemBIed, mee-DirnenSienai MesQfNanesﬁfucmres 'wiﬁfl

Tailored Chemistries”.

The main fecus of the Oxzde eeranncs and compesﬁes was on the novel preeessmg techmques -
Good number of paper of papers oe the mechamcaI charactenzatien and xmerostructurai analyels
wﬁl be in session enntied Mlerestructures and Mechanical Behaﬁer The pre?osed meetmg is
expected to create a synergy between the sczentist anci eﬁgmeers in the prccessmg end
mlcrostructmal charaetenzatmn areas. An cencerted effert ilas been dedlcated duriag the
planmng tune to invite the best processing sc1entls{s since thelr efforts usuaily have the long '
lasting nnpact on the cemmamty involved wﬁh the ex1de ceramlcs :and cempeeztes .
In addition to the mwted speekers over 26 papers and assee;ated abstracts from dlveree
backgrounds have partlmpated at the feeused toplcal session Oxzde!(}xzde Cemmzcs and
Composzres. In Ilght of the imminent petennal for oxide ceramic composﬁes to advanced mriﬁine o
engmes and aircraft, three fecused sessxens were ergamzed to bmag se:enttsts aﬁd engmeers in the ‘

European commumty and Japan together thh US researchers in erder to gain an mtemanonai




e

Sessibn: Intr'nsm Pra ertles of Oxxd

perspective on new developments in the hlgh—temperature ceramms ﬁeld Th;s prov:ded a state—

of- the—ar{ plcture of this rapidly evclvmg ﬁeié ef stmiy We c{)erdmated thts meenng wzth

American ceramic Soclety and Air Force Ofﬁce of Scientific Research to achleve praductlve

results.
In addition, oxide material development is a paradigmatic topic in Materials Science, which needs
for interdisciplinary research. In this respect, the focused oxide/oxide composite sessions was an

attractive meeting pbint for chemists, ‘physicists, -and éngineers.

Oxide Cei'amics énd ComPoSites |

10 23 00 AM 12:00: {}t} PM 1!29}’2083

Lynnette Madsen, “Op;mrtumues in Ceranncs

Elizabeth chkey, “Hzgh—Temperatnre Resuiuai Stress in Textured Oxzde Compesxtes”
Invited ' ‘ : o

| Robert Gall, “Cu-Baséd Transparent Conducting Oxides of the DeIafessitc xStfu’ctufé"’

Raberf Reeber, “Correspendmg States ?nnap}es for ihe Thermal Expansmn ef Oxnies of MgO,
CaO, Sr(} and BaO” : , , : (

Session: Microstructures and Mechanical Behavief ,
1:20:@0 PM - 6:00:00 PM 11'29!2003

Javier Llorca, “Processmg, Mlcrostructure and Mechamcai Behawor nf Dlrecnonally—Sohdzﬁed

- Eutectic Ceramic {)xxdes”

Invxted

f Knsim Keller, “Evaiuat;on 0f Dense Monamte Flber—Coatmgs in Ox1de Ox1de Mlmccmposﬂes”

Lee Pengymn, “The Rare—Earth Phesphate Coated Fxber for {)XIde CMCS” -




Emmanuel Boakye, “Monamte Coatmgs on Nextel 720 Fiber Tows Effect of Precursor

, Moryhoigy Ceatmg”

chhard Gaetﬂer, “Propemes of CMC w1th Seheehte and Unceated Nextel 610 F;bers”

Dong-Kyu Kim, Flbrous Menoilths of Aiumma -Mullite In Situ Composate Maxtﬁx-Alummum
Phosphate Interphase ‘ : :

Pave! Mogzievsky, “Amsotropy in Roem Temperature Deformatz{}n and Fracture m CaWOéi

‘Sheelite”,

Javier Llorca, “Deformation and Fracture Mechanisms of Singie Crystal ZrGZ(ErECS)"’. .
Waltraud Kriven, “In Situ Hi gh—Temperaitui'e Phase Transfennatieh in YNbO4”

Derek Norﬁzwaed ‘The Effectof a ngh Streagth Electric Field on the Low Temperature
Degradation of a Y-TZP Cerarmc” ‘

o Hztomz Yamaguchi, “Magnetlc F1eId—Assmted Machmmg for Intemal Pm,s ef Ah}mma Ceranne

Components”.

Paul-Francois Paradzs, “Centacﬂess Dens;ty Measurement ef qumci Nd-Daped SO%CaO-
50%AI203” S ‘ : :

Session:  Novel Precessing Techniques
' 8'30'00 'AM - 12-0{}*00 PM 1;’30!2003

Jun Akeda, “Aerosol Deposmen (ADM) for Nanecomposﬁe Matenal Synthems - A Novel
Method of Cerafmcs Processmg Without ang” :

 Léo Mazerolles, “Synthesm of Nanostrucmred Matenais Based on Alurmna

Invited

Maxim Lebedev, “A1203 - PZT Nanocemposzte Mlxture Ceranuc Layer Fabncated Usmg ’ n

- Aerosol Deposition Methnd”

 Erik Barfsckerer, “Preparaﬁoz} of ngh Denszty Transiecent PLZT Ceraxmcs by Hot isestauc -

Pressmg

- Cari August,“"Rheoiegy of Fine Aiumina Pastes”.




Marcelle Gaune-Escard “Molten Saits ARoute to Tailored Cerarmcs” S

Rolf Janssen, “Reacnen Synthems of Refractory Meia}-Ceran‘nc Camposxtes” ; v,

Kenneth Sandhage, “Bmciastxc Processmg of Self- Assemb]ed Three—Dnnensmnal
Meso/Nanostructures with Tailored Chemistries”. A B
Invited

Victor Orera, “Ni and Co-ZrO2 Composites Produced By Lésér Zone Melting”.

- POSTER SESSION

Magali Pinho, “A Comparative Stﬁdy ef the Mlcrostructare Electnc and Pxezoeiectnc ?ropertxes .
‘ cf PZTCeramic Matenais” v : ’ 3 e :

Hathazkam Choosuwan, “Dielectric Relaxatlon and Thermal Expansmn Properties af Nlobium‘
Based Oxides”. . '
Kazuya Tsujzmzcht, “Mechamcal and Electncai Pfopcmes of A1203 Thin Fﬁms on Metals

Ceramics and Resms Prepared by Aerosol Deposition Methoé“ '

- Harry Gorter, “Precessmg and Mechamcai Charactenzatmn af In Sltu Remfcrced Aiumma
~ Compos:tes” , : «

~ Antsmo De Arellano Lepez, “Room- and ngi}-’f‘emperature Tensﬂe Fracture of Dn‘ectaonaﬂy— ;;
Solidified Chmmxa—doped Sapphn'c Fxbers” b :

Maria Gregori, “Synthesm and Charactenzatlen of Z-Type chafemte for Use as chrowave
Absorber”. o




i

Focnsed Toplcai Sessum. Oxxdef()xnde ceramics and Compes:tes Meetmg
o Budget ‘ ~ L

| Invited Speakers . — | Estimated Exgenses: L
o AddIeSSeS - | Travel, registration and lodging

xpected

ayment from
| » o D AFOSR Grant
Prof.Antonia Ramirez / Uni Seville ) o . $60000

SPAIN

Prof. Vcictor Orera/ CSIC —SPAIN_

~ $600.00

Ma%ceﬂe Gaune-Escard / UISTI - L C o S
FRANCE o $1,60000
[ Prof. Léo Mazerolles /CNRS - | D . —

FRANCE | | . L S $1,000.00

Prof. E. Dickey / PSU T . -
usa L T S SSO0.00
Prof. K. Sandhage/ OSU | B - |
USA | | o . $500.00
Additional Speakers S : %

| Dr. A. Sayir/ USA (Session Co-
- | organizer)

Dr, Maria Souto /

asRA | - $2,060.00

TOTAL COSTED AMOUNT OF FUNDING | $9,497.00




0A BEACH
EXPOSITION
& COMPOSITES

Doubletreer’Hllten Hc&telsf
i Cocoa Beach, Fla.
' }anuary 26-31,2003

* Ceramics and Eleotmmcs for the New Horizon

From its humbie begmmngs more than a quarter century ago, the “Cocoa
Beach Meeting” has grown in scope and stature to become the preeminent inter-
_ national technical meeting on advanced ceramics and composites. The “Cocoa
Beach Meeting” is synonymous with leading edge research and development in
these challenging technological areas. This year’s meeting will continue the
proud tradition of innovative R&D technical exchanges with three directed sym-
- posia and a series of focused topical sessions. In particular, to embrace the inter-
disciplinary needs between structural and electronic ceramics, this year’s “Cocoa
- Beach Meeting” will be held in conjunction with the ACerS Electronics Division .|
Fall Meeting, which will lead to exciting new and censtru{:t;\re cress—comamty B
interactions and research develapments. '

- The Cacoa Beach Meeting is a completeiy open sczentlﬁs: femm for exchaggc of
new ideas and findings. This year’s meeting will highlight recent advances, '
- developments, and field applications in engineering ceramics, composites, and 7 :
 electronics, and will emphasize a wide variety of ceramic materials and technolo- | - L o
gies for the new horizon. Authors are encouraged to submit presentation abstracts B : ‘
for consideration on any relevant topic. Anyone with an interest in ceramic-based
. materials, composites, or electronic materials is invited to participate including: S
. scientists, engineers, technical and program managers, production aﬁd sales per- '
sonnel, educators, and studcnts.

Informauon regardmg attendance mngements will be avmlable later this sum-
mer. Further information will be avaﬂab}e on The American Ceram;c Socaety s
web s;te at www.cemcs.erg :

CALL For PAPERS:

 Abstract Deadline: July 12, 2002
Subm;t online at www.ceramics.org

BEST AVAILABLE copy




Focused Topical Sessions

The following list of topics consists of technical sessions concentrated on specific areas of interest. The points of
contact (POC) identified may be contacted prior to abstract submission to determine technical content relevance. |
~ Publication of the proceedmgs from the Focused Sessmns will be }nclﬁded in the Ceramic Er:gmeenng cmd
- Science Proceedings. : .

 Produe tl)evelopﬁient and Maﬁufacmring*of AdVancéd Ceramics and
Composites | ) B

Animesh Base (POC), Materials Processmg, Inc., USA
Phone: 817/294-0135 * E-mail: ambese@a;;l,csm
Elis Carlstrom, Swedish Ceramic Institute, Sweden
Charles Lewinsohn, Ceramatec Inc., USA
Gppnrtumtles and issues on pmdnct de\felspment and manufacmrmg of advanced ceramics and camposﬁes wﬁi
be emphasized:
» Approaches to technolagy analysxs and manufacturing feasxbﬁxty studles (including Ilfecycle ana]ysxs)
» Integrated component design and prototyping (design with ceramics, Jmmngfassembiy) '

* Processing of advam:ed ceramics and compesztes (includes all near net shape pmcessmg and censokdatmft
- techniques)

. Novel appl;catleﬁs for e:;gmeermg ceramics and camposﬁes (tmmnveﬁ!;onai somponents and mmposmens} :

| Engmeermg Porous Materials

“Manuel E. Brito (POC), Synergy Materials Research Center, AIST, Japan ‘ o

_Phone: 811-81-52 739-0135 » E-mail: manuel-brito@aist.go. 3;3 c - : i
Heino Sieber, University of Erlangen-Nuernberg, Germany o L
Tatsukl Ohii, Syaergy Matenals Research Ceater AIST, Japan

The Eagmeermg Porous Matena}s facused session will emphasxza b\xt m}t be limited to, the foﬂaw;ng topics:
* Advances in processing of porous materials
. St:nctural characterization of porous materials
* Structure-mechanical and thermal properties relationships
* Applications and design issues fer porous maiena!s
. Indastnal case studies

Bmmateﬂals

‘Mineo Mazmm {POC}, Japan Fine Ceram:es Center, Japan

- Phone: 011-81-52-871-3500 * E-mail: mizuno@jfcc.orjp
Gary Fischman, University of Illinois at Chicago, USA
Richard P. Rusin, 3M ESPE Dental Products, USA

A coordmated forum for advances in bmma%ena!s and iechaalognes techmcal and cormnercaalszanen issues, and
‘opportunities:

' Implants, coatings, cements and drug delivery

* Biomimetic materials and synthesis

L CGCOA ‘BEACH C{}N}?ERENCE & EXPOSITION




ABSTRACT DEA})LINE JﬁLY 12,»2‘0{'}2 |

* Dental ceramics .

C. B;eacnve and bioinert ceramics )
* Structure/properties of nature ceramic-based materials
'+ Behavior in biological environment (in vivo, vitro)
* Synthesis, processmg, chamcteﬂzataen and properties

Synthe sis and Processi ng of Nanomatemls

William Mullins (POC), US Army Research Office, USA
Phone: 919/549-4286 + B—maﬂ mullinsw@aro-emh1.army.mil

: Kazunon Kijima, Kyoto Institute of Technology, Japan
Rolf Clasen, University of Saariand Gennany

nanomaterials.
. » Nanoscale synthesis
. Se!f—assembly, templated assemb}y and gmwr}l
. Nanopowders, nanostructured films and coatings
-* Organic/ceramic structures
_* Sintering of nanocrystalline systems
. *» Nanocomposite processing ' ,
. Madelmg and simulation of system pracess:sg

A coordinated forum for advances in all aspects on the syathests and processmg of

; 'l‘upms in Ceramic Armor

. Jeffrey J. Swab (POC), US Army R&search Laboratory, USA

- Phone: 410/306-0753 + E-mail: _}swab@ariarmyrml

James McCauley, Andrew Wefeszczak Jerry LaSaIvaa Emest Chm us A.rmy Research
Laberatory, UsaA

“Lisa Prokurat-Franks, US Tank and Auiomohve Researcthevelopment and
) 'Engxneenng Center, USA

David Stepp, US Army Research Ofﬁce USA

’i'ins annual topical session will bring together researchers fmm ;ndastry, acaderma and
government organizations working on opaque and transpasem ceramic armor. Focused
sessions will emphasize, but will not be limited to, the foiiow;ng areas:
Pmcessmg and manufacturing

+ Ultra-lightweight, high densny and transparent ceramics

» Novel material concepts

* Penetration modeling .

. Testmg ({impact, shock and high strasn ‘rate smdles etc }

,. ’Damage evolution and xmcri}mechamsms

Cocta Beach :‘Cﬂnferense

Progran

Dr. Hua- ~Tay Lin

Oak Ridge National Laboratory
Metals and Ceramics Division
Building 4515, Mail Stop 6068

One Bethel Valley Road o
Oak Ridge, TN 37831-6068, USA
Phone: 865/576-8857 '
Fax: 865/574-8445

E-mail: linh@omlgov

Eleutmmﬁs Bmsum ngram
Chair

Dr Dwight\ﬁehfanﬁ

Virginia Polytechnic Institute

Department of Materials Science
and Engineering -

201 Holden Hall -~ -
‘Blacksburg,VA 2406, USA'

Phone: 540/231-2276
Fax: 540/231-8919

© E-maik viehland@mse vt.edu




Oxule Ceramws and Gum sites o

Al Sayxr (POC), NASA G}enn Reseamk Center, USA ; ) B
Phone: 216/433-6254 » E-mail: ali.sayir@nasa.grc.gov

Joan Fuller, Air Force Office of Scientific Research, USA

Marie-Helene Berger Centre Des Matertaux, Ecole ﬁes Mines de Pans, ance

A coordinated forum to address various sczerenﬁc and technical aspects related ta m&lt;phase omde ceramics.

* Novel processing techniques

'+ Microstructures and mechanical behavior

* Intrinsic pmpeﬁ:es of oxides {magnetic, electrical, optical, mechamca})
. Polyphase oxide ceramics: processing and properties

Fuel Cells: Waterials $, Developments and Appl ications

Co-sponsored by the Society forAatcmotive Engineering

Harlan Anderson (POC), University of Missouri-Rolla, USA
Phone: 573/341-4886 » E-mail: harlanua@umr.edu

Tim Armstrong, Oak Ridge National Laboratory, USA

’ Armiii Reller, University of A&gsbufg, Germany

This session will focus on the raeerg advances in the scxeﬂ!xﬁc and technologlcal developments processing/prop- -
eities, reliability, system design/applications, and field demonstrations and camercxahzataoa of the fuel cell

_ materials. Specifically, contributions in the following topic areas are sollc:ted

-+ Materials processing and development of fuel cell materials
. Pr{)cessmgfrmcmstrscnmefpmpemes relationship
" » Designing fuel cells for production/manufacturing
* Thermochemical reactivity and durability of fuel cells
_* Modeling of materials transport and stability
* Environmental effects on long-term reliability
. Cbngnercializaﬁonfdemenstraﬁoa status

Gas, Chemical and Biological Ceramic Sensars

" Girish Kale (POC), University of Leeds, United Kingdom

Phone: 0044-113-2332805 « E-mail: g.mXkale@leeds.ac. uk
Shelkh Akbar, Ohio State Umvcrsxty, UsA
Henk Verwexj, Ohm State University, USA

This session wnll focus on ceramic matenals and related zechnologzes fer sensors and use Qf these seﬁsors in
industrial applications and processes. :

* Novel materials and designs for sensors

* Novel or improved fabrication techniques for sensors

. Novel types of sensors and/or new sensor apphcatxons

* Theory, modeling and simulation

= Sensor data analysis and packaging

* Intrinsic capab:ht;es or im}s{aﬁans of sensors or sensor mater;ais




ABSTRACT DEADLINE: JuLy 12, 2002

ymposium Topics

ijmpasmm I Meehamcal Bekavior and 'Bééign of

 Engineering Ceramics and Compos1tes

Symposmm Organizers: g
Andrew Wereszezak (POC), Us Army Rwearch Laboratory, USA
Phone: 410/306-0858 « E-rriail: awereszczak@as} army.mil

Mark Andrews, Caterpxliar USA
Ramakrishna Bhatt, US Army Research iabcraiory, USA
Stephen Duffy, Cleveland State University, USA

 ~ Jurgen Heinrich, Technical University Clausthal, Germany

Michael Jenkins, University of Washmgtaﬁ USA

Akira Kohyama, Kyoto Um\refssty, Japan '

Walter Krenkel, DLR German Aerospace Center, Germany
Edgar Lara-Curzio, Oak dege National Laboratory, USA
Sponsored by: '

Engineering Ceramics Division, US Army Research Laberatory, DOE Ofﬁce af
D}s%nbuted Energy Ressﬁrces

A coordinated fomm for the presentation of advances in all aspects sf the R&D of the

, performance evaluation of ceramics and composites and theif application to structural
component design. Spec;ﬁcaiiy, contributions in the following taplc areas are solicited:

» Performance Evaluation of Ceramnrs and Composites
. Mechan:cal charactﬂnzatzon

* Thermal response .
'+ Damage evolution and its effects
~ + Residual and internal stresses and their effects
» Time-dependent properties and environmental effects
» Statistical variation in properties and performance
s Wear properties and interaction of ceramics with metallic companenis

* Advanced characterization methods (e. £, NDB methods to assess’ surface-subsur-
~ face strength limiting faﬁure modes)

k ~ *Material and Property Mndelmg

* Microstructural and physics-based design .
. Flber archltecmre effects on pmchcted pem'fannance )
« Interface mechanics

Lammate and multiphase ; structures
. Contml and engmeermg of residual stresses

. l}sign, Modeling and Testmg of Structural Components

* Strength-size-scaling issues
* Flaw populations and data censoring
+ Consideration of creep and fatigue

Conference Pﬁpérs |

All canference papers will be pubhshed
under one cover in the Ceramic

* Engineéring and Science Proceedings.

All papers must be mailed to Saae‘ty
Headquarters by fanuary 10,2003.
Papers submitted at the meeting may
not be included in the proceedings.
Submit to:

Sarah Godby

Cocoa Beach Manuscript

The American Ceramic Society

735 Ceramic Place

. Westerville, OH 4308 -8729 USA

- Exhibit Oppartumtles

" Reach 500 research and product devel-

opment engineers involved in composites,
advanced ceramics, electronic materials
and structures. Two booth sizes are avail-
able in limited quantrties 8x8 $BOO

- and1 010’ = $1000 .
‘The evening exhlbrts take p ace Monday

and Tuesday, fanuary 27 and 28, 2003,
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" Ablock of rooms has been reserved ‘
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Pmof testing, NDE aaaiysss and quahty assur&ace
. Case studies
"+ IC and gas assbme engme appitcatmns R o
© « General structural applications e ' R ‘
* When mechanical performance of a non—slructurai ceramic subcomponent canbea -
life limiter of the component’s intended fﬂnct:onahty (e.g., electronic devices, fuel |
. cells, membranes, nuclear fission and fus:on components, etc.) .

'Pu%hcatmn of the proceedings of this symposmm will be included in the Ceram:c
, Engmeenng and Sczence Proceedings. - :

Sympnsmm I: Advanced Coramic Goatmgs fur

Structural, Enwronmental and Functional Appl Jatmns?

Symposlum Organizers.

Dongming Zhu (POC), NASA Glenn Research Center, USA

Phone: 216/433-5422 » E-mail: dongming.zhu@gre.nasa.gov .
Uwe Schulz, DLR- German Aerospace Center, Gexmany ‘ ;-
Ellen Y. Sun, Umted Technologies Research Center, USA .
Hartmut Schne;ﬁer, DLR-German Aemspace Center, Germany
Jeffrey I Eldridge, NASA Glenn Research Center, USA

* Yutaka Kagawa, University of Tokyo, Japan

Kazuhisa Miyashl, NASA Glenn Research Ceﬁte? USA
Jitendra P. Singh, Argonne National Laboratory, UsA

‘Narottam P. Bansal, NASA Glenn Research Center, USA
: WiHiam J. Clegg, Cambridge University, UK ‘
:Sponsoredhy' S : L DI

Engineering Ceramics Dmsu}a NASA Glemn Research Center, DOB Ofﬁce of

B Distributed Energy Resources.

This symposium will facus on recent advances m coaﬁng &evelopmeﬁt, processing,

_microstructure and property characterization, and life prediction. Integrated structural,

environmental properties and functionality through advanced coating processing and
structural design are particularly emphas:zeci. Spec;ﬁca!iy, cmambuﬂo&s m the following
topxc areas are solicited:
“* Thermal barrier caatmgs
. » Environmental barrier coatings .
» Nanostructured and smart coating systems’
_+ Radiation barrier and thermal control coating sys%ems
. Tnbologlcal coatings’
= Advanced testing and nan—deszractwe evslua{mn
. I&terface phenomena, adhesion and failure mechanisms
. Mcremechamcs modelmg and coating life predxctxon

Pubhcatsen of the prcceedmgs of this symposmm will be mc!uded in the Ceramzc
Engmeeﬂng and Sc:e:;ce Proceedings. :




~ ABSTRACT I}EAﬁLmﬁz: Jury 12, 2982

:;Symposmm I Functmnal Ceraxm ‘f o

Clive A. Randall (POC), Pe;msylvéma State University, USA
Phone: 814/863-1328 * E-mail: card@psu.edu

,Angus Kingon (POC), North Carolina State University, USA
‘Phone: 919/515-8636 * E-mail: angus_] kingon@ncsu.edu
lgar Kosackx Qak Ridge National Laboratory, Usa

~ Sponsored by: '
- Eiectmmcs Division, Engsneenng Ceramscs Dmsmn

. The aim of this symposium is to cnt;caily review the state-of-the-art issues in funct:eaai eeram:cs Spemﬁcaﬁy,
- -proposed sessions will cover powder processing in electroceramics, dielectric materials and a;ophcat;aﬁs piezo-
- “electric transducers and actuators, conducting ledes mterfac;al and scalmg phenomena in electmceramxcs and
thin film ferroelectrics.
* » Interfacial and scaling phenomena in electroceramics
-» Microwave dielectrics and LTCC materials '
Y Conductmg oxides: transparent sx:ées ami ionic ooaductefs
-.» Thin ﬁlm ferroelectrics
* Piezoelectric transdncers and actuators
* Modern challenges in processmg electroceraxmcs

: Pubhcahan of the proceedmgs of ﬁns symposmm will be mcluded in the Ceramic Engmeenng and Saence
Proceedings. .

i

Abstract Instmsﬂens

Visit the ACerS web site at www.ceramics, org to review the sym-- *+ Double-space and type the SessionfSymposmm Title for
posia descriptions and use the new Online Conference which your abstract is submrtted Thas mfonnaticn is
Management System. Follow these simple ;nstmct:ons ' . mandatory. :

L

+ Click on Meetings & Exposstians . . Double space and type the Tlt!e of Your Presentztian
» Click on Meetings Schedule and Information L . using capital and fower case letters, indicating any special charac»
* Click on Cocoa Beach: The 27th Intemational Conferente on ters, subscripts or superscnpts as appropriate.

~Advanced Ceramics and Compos;tes Double space and type the Initials and Last Names, ‘
- Click on Submit Abstracts Affiliations and Countries of the Authors in the orderin
* Follow the system prompts 10 complete the online abstmct which they are to appear when your abstract is viewed or pub-
o form -~ lished. Use an astensk after the last name of the- presentmg
B Your abstract will be ;mmed;ate&y available for review by petenﬁa! o author, .
attendees, co-participants and the program organizers When your . pgple space and type Your Abstract stngfe spaced, wrth I
abstract has been accepted and scheduled, you will receive a con- inch left and right margins. There is no word limit to your
firmation e-mail. abstract, however, do not exceed one page. E

We encourage authors 1o use the web site for submission. + On a separate sheet of paper, list All Authors with ‘
However, you may submit your abstract by e-mail, mail or fax. Complete Mailing and E-mail Addrésses.
Please note that your abstract may not be available to the general

- public or the program organizers for 30 days after receipt. Follow . ;E-mas  mail or fax both the abstract page 3“d the author
these instructions to submit your abstract by mail or fax. Modn’y as ‘?t o ) C :
necessary for e-mail. Be sure to include all mforma‘oon in your . Technical Program Coordmatcer——CB i
text. . : The American Ceramic Seciety

. PO.Box 636
* Atthe top of an 8- I/2 X l I inch sheet of whrte paper; type . .
Cocoa Beach—The 27th International Corzference onAdvanced - Westerville, OH 43086-6136, USA

. Fax: 614/794-5882
Ceramics and ComPosrtes B ; S - E-mait jdavis@acersorg




A Novel Bmclast;c Route to Self=Assembled 3-1) Nanepartlcle Structures :
with Ta:lered Chemistries: the BaSIC Process o R
“Ken H. Sandhage

| Professor Dept Materials Science & Engmeenng ;
- The Ohle State University, Columbus, OH

Abstract “Blociastac" is defined as “of rock or snmlar matenal attammg its present ferm*
through the action of living ergamsms" (W ebsters 3™ New Intematmnal chuenary, unabndged)

A novel, hybrid (biological + synthetic chemical) fabrication route is introduced that utilizes

bioclastic preforms to generate chemically-tailored nanoparticle structures with complex three-
dimensional (3-D) shapes: the BaSIC (Bioclastic and Shape-preserving Inorgamc Conversxen)
‘Process. This process is illustrated by converting diatom (biosilica) microshells into ether

o composmons whﬁe retammg the stan:mg mzcresheli shapes and meso—to-nanoseale features

Diatoms are smgie celled planktonic aigae that are ubiquitous to marine and freshwater envxren—
“ments (e.g., from arctic to equatorial conditions). Diatoms form intricate microshells (frustules)
- comprised of seif-assembled nanospheres of amorphous sﬂlca The number of extant diatom
species is =10°, with each spec1es forming a 3-D frustule pessessmg a unique shape ; and a dlstmct
pattern of fine featnres (e.g., meso-to-nanoscale pores, ndges channels, protuberanees) ‘
- Enormous numbers of identical fmsm}es can be generated by the continued reproductmn of a
single diatom species (e. g., 80 replications = 2% = 1.2 trillion trillion > Avogadro’s number!).

- Such massively parallel and precise self-assembly of 3-D nanoparticle structures is hlghly
- attractive for nanotechnoiogicai applications. However, the 1 range of potentlai apphcatmns lSk
severeiy limited by the silica-based chemlstry of diatom frastuies :

The compositional inmtatlon of diatom frustules is overcome in the BaSIC process by using
fluid/solid conversion reactions to alter the chemistry, but not the shape or fine features of the
frustules. To demonstrate this process, capsule-shaped Aulacoseira diatom frustules have been
converted into MgQO, Ca{} TiO,, Zr0,, and SiC with a retention of the capsule shape and
features. Biosculpted silica structures with non-natural shapes, obtained by patterning w1th

silaffins (peptides extracted from diatoms), have also been converted. Reactions leading to a o

vanety of other ceramics have been identified. Such shape-preserving chemical conversion,
~ coupled with genetic tailoring of diatom frustule shapes would allow for the low-cost mass
‘ preductmn of Geneﬁcaﬁy—Engmeereé Micro/nanodevices (GEMs) for numerous appheatmns

; Blesketch Ken H. Sandhage recelved a B.S. in Metaliurglcai Engmeermg Wlﬂl nghest
- Distinction from Purdue University ané a Ph.D. in Ceramics from the Massachusetts Institute of
‘Technology. Prior to joining OSU in 1991, Sandhage worked as a Senior Scientist on process'
R&D at Corning, Inc. and at American Superconductor Corpora‘£1on Sandhage s research at
‘OSU has focused on novel reaction processing of a variety of ceramics and ceramic composites
for biomedical, sensor, ‘refractory, eiectremagnetic and structural applications. He has received
) the Purdy (best paper) Award from the American Ceramic Society (1996), the Lumley Researcht
- Award from OSU (2002, 1997), and an Outstanding Materials Engineer Award from Purdue
© (1997). In 1999-2000, Sandhage was a Humboldt Fellow in the Advanced Ceramics-Group at
the Techmcal Umvers1ty of Hamburg-ﬁarburg Heisa Feﬁew ef the Amencan Cera:mc Socxety




. numbers of descendant diatoms, each of which would possess a frustuie of the same shape For

~ example, 80 replications of a single parent S

- diatom would yield 2% or 1.2X10% (twice
' Avogadro s number!) sxmﬁar}y-shaped
frustules. Such massweiy—paraﬁel precise,

' ’ structures with fine (mese-to-nanescale)

- diatom frustules (reprinted with permission
~from F. E. Round, R. M. Crawford, D. G.

- Morphology of the Genera, Cambndgey
) Umver31ty Press 1990)

Using @ ooy ; to Manufacture 3-D Ceramrc MlcrodeVices )

A novel, bloinglcally-based approach for mass praducmg chemmaliy-taﬁered three-'
dimensional (3-D) ceramic microdevices with fine (meso-to- nanoscaie) features is bemg
examined in a caliaberatzve research effort between the groups of Dr. Ken Sandhage (Ohio State
University, Columbus, OH) and Dr. Morley Stone (Air Force Research Laboratory, Wright-

. Patterson Air Force Base, OH) threugh support provided by the Air Force Office of Scientific
“Research. This revolutlenary process could open the door to iow cost microdevices for a host of

DoD and commercial apphcat;ons (e.g., eptlcai biomedical, sensor, rmcreﬁmd}c catalytic). ;

- The conventional production of microdevices has been focused on two—tiamensmnal iayer-
by-layer processes (e.g., micromachining by pho{ahthegraphyfchcmmaI etching). Such
processing is not well-suited for the fabrication of mxcredewces with cem;;lex 3-D shapes.
Nature, on the other hand, prev1des numerous examples of mlcroorgamsms that directly generate

3-D ceramic microstructures with complex shapes. The shapes of such “bioclastic” structures
~ are a result of se}f-assembly that is directed by the microorganisms. Among the most dramatlc
' exampies of bioclastic structures are the microshells (frustules) of diatoms (Baczﬁarwpk}?z‘a) '

Diatoms are single-celled algae that populate a wide variety of aquatzc environments (maﬂne and

- freshwater; equatorial to arctic chmates) Indeed, it is estimated that more than 20% of the

carbon used to generate new primary ergamc matter on earth each year is tied up in diatoms.

Each diatom cell contains a frustule compnseé of a nanoporous assembiy of amorphous silica
nanoparticles (typzcaﬁy tens of nanometers in diameter). Each species of diatom assembles such
nanoparticles into a frustule with a unique 3-D shape. Because the number of extant diatom

e species is estimated to be on the order of 10°, nature provides a a‘emendeus Vaﬂety of frustule

shapes for potential microdevice agpllcatmns (Figure 1). The maximum dimensions of dlatom
frustules can range from less than 1 micron (e.g., for Chaetoceros galvesteneﬁszs) to several
millimeters (e. g., for thmodzscus rex) The frustules are decorated with fine, meso-to-nanoscale
(<10? nm) features, such as pores, ridges, channels, and pratuberances arranged in well-defined,
species-specific patterns. ' Continued rephcanon of a single parent diatom can yieid enermeus -

and dn'ect fabncatmn of 3-D micro-

Figure 1. Secondary ‘electron images of

Mann, The Diatoms: Biology and




features under envxronmentally bemgn condltions is hlghly attractlve for mwm/nano-
technological applications. However, the range of potential apphcatxons is severeiy limited by
the silica-based cornposmon of all diatom frustules. : S

 The chemical limitation of 61atem frustules has been everceme via a new pmcess mvented
- by Ken Sandhage, a professor i in the Department of Materials Science and Engmeermg at Ohio

B _ State University, and his team of students. This new method, termed the BaSIC process (for

- Bioclastic and Shape—preservmg Inargamc Conversion), utilizes certam chemical reactions to
~ convert diatom frustules into new composmons while retaining the original ﬁustule shape and
. ﬁne features. (}ae ciass of such reactxens are emdatlon-reduetmn dlsplacement reactzons of the
feilowmg type: :

‘ ZMg(g) + SI(}Z(S} => EMgO(s) + {SI} - ( 1)

‘ where {Si} refers to s1hcon dissolved thhm a Mg-Sl hquld (note th1s Mg—Sl hqmd isa resuit of '
the continued reaction of the silicon, generated upon reduction of silica, with excess gaseous
k magnesmm) This dzspiacement reaction has been used to convert-capsule-shaped frustules of
- the diatom Aulacoseira into magnesium oxide, as shown in Flgnre 2. The images in Figures 2a
- and 2b reveal that the overall shapes and fine features (nodules, protuberances, pores) of the

frustules were well preserved after conversion into magnesium oxuie Image analyses of the fine

- pores runmng in rows along the Aulacoseira wall (Figs. 2a and b) revealed little change in the
pore size distribution upon conversion. Indeed, the average pore size before and after conversion
agreed to within 30 nm! Solidified Mg-Si liquid (the {Si} product of reaction ( I)) can also be

~ 'seen under a reacted frustule in Figure 2b. Because this liquid preferred to wet the metallic

- substrate more than the MgO, the liquid sweated away during reaction at 750-900°C, so as to
yield monolithic MgO frustules. A higher magnification secondary electron i image, revealmg the
_ crystalline nature and ﬁne grain size (a few hundred nm) of the converted frustﬂle is shown i in
" Figure 2c. An energy-dzsperswe X-ray (EDX) spectrum, reveahng the presence of Mg and 0O in
the converted frustule, is shown in Figure 2d (note: the small gold peak in this EDX pattern is

~ due to a gold coating applied to the frustuie to avoid chargmg) Transmission electron

microscopy of ion-milled cross-sections confirmed the fine-grained nature of the MgO frustule,
“and the absence of reszdﬂai sﬁxca or Mg—Sl liquid w1t11m the converted frustule wall after 1 hour -
- of reacnon at 900°C. ' . , ‘ o
~ Work over the past year has demonstrated that the BaSIC process can be used to convert
diatom silica into a variety of other ceramic compositions, including Zr0,, TiO,, CaO, and SiC,
while preserving the startmg frustule shape and features. Exampies of Aulacoseira frustules
converted into zirconia and silicon carbide are shown below in Fxgures 3a and b, respectlvely
Thermodynamlcaﬂy favored reactions Ieadmg to a number Of other ceramics have also been
;dentiﬁed and are under active study o o - & o
- The BaSIC process has also been applied to biosilica structures Wlth taﬁered (nen-naturai)r
* shapes generated by Dr. Rajesh Naik and Dr. Morley Stone (Bmtechnoiegy Gmup, Air Force'
Research Laboratory, Wright-Patterson Air Force Base). A 19 amino acid peptide segment of a
silaffin poiypepnde derived from the diatom Cylindrotheca ﬁcssfermzs has been found to
dramatically enhance the rate of precxpltatmn of silica from silicic acid solutions. By apylylng"
external ferces (e. g from ﬂew ﬁeicis eIectfxc fields) durmg such prec:pltatzon Naik and Stone
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Figure 2. Séco‘hdary“eleca'on images of the same Aulacoseira diatdm frustules: a) béfore and b)
 after conversion into MgO via reaction (1) at 900°C. Ten specific features are identified in the
starting and converted frustules. A higher magnification image of a converted MgO frustule is
shown in ¢). An EDX pattern obtained from:the converted frustule is shown in d). AR

, o ' . - | 1) R
Figm'é 3. Secmidary electron images of éapsu}e-shaped Aui‘aé&éeimdiatam fmstuies: converted
into: a) ZrO, (side view of converted frustule) and b) SiC (end view of converted frustule).
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have succeeded in scuiptmg the resuitmg bms;hca into taﬂered shapes Fer cxample a
multifilamentary bloszhca structure, generated by forcing a solutxon of the peptide segment and
silicic acid to flow in a pattern involving laminar shear, is shown in Figure 4a. This biosilica
structure was then exposed to Mg(g) at 900°C. The resuiting multifilamentary Mg() is shown i m
; F;gure 4b The generai shape and mulﬁﬁiamentary nature were retamed upon conversmn into

WO 1 10m

101

o

,Flgure 4. Secondary electron i images ofa bxocatalyzed multlfilamentary sxllca structure' a)
before, and b) after reaction with Mg(g) for 4 h at 9{}0°C

: MgO These images demonstrate that bmsﬂlca structures wnh taﬁered (nan-natural) shages may
also be converted into other ceramics Wlth a retention of the starting shapes and fine features.
That is, peptides derived from diatoms may be used to “biosculpt” Slhca structures with tailored
- shapes that, in turn, may be converted into desired cemposﬁmns thmngh shape-preservmg
reactions. This novel biosculpting and reactive conversion approack opens the door to a wider
‘variety of ceramic shapes and compositions than are available in nature, so that a broader range
~of potential microdevices may be produced that are of mterest te the U.S. Air Force (e. g y
sensors, biodegradable microcapsules, etc.).- o
The BaSIC process merges the attractive charactenstlcs of blelogy (x e., rapid, dxrected self
~assembly of precise 3- B nanoparticle structures under ambient conditions) wzth those of
‘synthetic reaction processing (i.e., low- -temperature, near net-shape conversion of ceramic
preforms into new compositions) to yield complex-shaped 3-D nanoparticle stmctures with
tailored chemistries. A schematic illustration of a BaSIC manufactunng process is shown in
Fxgure 5. Mzcroorgamsms like diatoms, may be used as bmfactones to generate large numbers:
- of bioclastic microstructures with 1dentzcai shapes and fine features G.e., through sustained
reproduction). Subsequent conversion reactions may then be used to simultaneously convert all
“of the microstructures into the desired ceramic composition while preserving the starting shapes
and fine features (such conversion is illustrated with a color change in Figure 5).- ’ o
- While the feasibility of the BaSIC process has been demonstrated, further research is
'reqmred to obtain better fundamental understanding and control of shape-dictating mechamsms
_during diatom biosilicification, and of the mechanisms of shape—preservmg chemical conversmn.‘
" Such research is the subject of a recently-awarded MURI proposal (“Genetzcaﬁy-ﬁngmeered
Microdevices with Taﬂored 3-D Shapes Nanesca}e Features and Chemistﬁes ? K I—I Sandhage ‘




M. M. Hildebrand, B. P. Palemk R. R Naxk M O. Stone, R. A Rapp, A. T C{}nhsk Ir., D .I
Hansford) involving a muitldlsmpimary team with expemse in dlatom nucrchmlegy, chatom
~ genetics, bmchem}stzy, and shape—preservmg reaction processes. :

 The B_aSI C M anafacturin g PfOééss

‘Use mlcranrgamsms as blofactanes to premseiy and rapldly repixcate iarge numhers
@ ) of rigid, 3-D seif-assemb}ed nanapartlcie Structures:

Use shape—preservmg chemlcal conversmn methads to alter the cempssmen far
~ desired propertles. : ’ : » :

Figure 5. Schematic of the BaSIC process for mass producmg S-D ceramic mlcrecemponents
with taﬂcred shapes fine (meso—te—nanescale) features and chenustnes :

' Gwen the precision with which frustule shapes are rephcated upcn reproducnon of a partlcular
diatom species, it is apparent that such fidelity is under genet}c control. Furthermore, given the’
- wide variety of shapes exhibited by extant diatom species, it also appears that extensive
alteration of the genes controlling the frustule shape is possible in viable diatoms. Hence, itis
likely that genetic engineering of viable dlatoms will lead ta frustu}es with taxiered (nen—natural}‘
shapes and nanoscale features. ‘= r:. ¢ I ey (65 w:th
 tailored structures and compositions could then be mass produced by sustamed reproductlon of
genencally-aitered viable diatoms followed by chemical conversion via the BaSIC process.
Such BaSIC-derived nncrafnanosirﬂctures with tailored shapes, features and camposztmns ceuid
“find widespread use in meélcme (e.g., for targeted radiation or drug delivery),
- telecommunications (e.g., m:crcoptacal devices), transportation (e g., microfluidic devxces)
manufactunng Ce. g, mlcroelectromechamcal devices), energy productmn and storage (e. g .
microfuel cells, nncr{}battenes) and defense—based apphcatmns (e. g mlcrasensors mlcrt}tags)
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NANOSTRUCTURED MATERIALS BASED ON ALUMINA

L. Mazerolles, D. Michel, T. di Costanzo J.-L. Vignes

CECM-CNRS UPR 2801 LIMHP-CNRS UPR1311
15 rue G. Urbain 99 avenue J.-B. Clément
94407 Vitry Cedex, France 93430 Villetaneuse, France

Z. Huang, D. Jiang

Shanghai Institute of Ceramics, Chinese Academy of Sciences, The State Key
Laboratory of High Performance Ceramics & Superfine Mlcrostructure

1295 Dingxi Road '

Shanghai 200050, China

ABSTRACT

Alumina and alumina-based compounds were prepared using high specific
surface area Al;O; monoliths obtained by a novel preparation method.
Impregnation with either liquid or vapor species followed by a thermal
treatment under air or a reducing atmosphere leads to nanostructured spinels,
mullite, Al;Os;-metal or Al,O3-oxide composites.

INTRODUCTION

Many technological applications require materials with a controlled
microstructure or/and chemical composition. In addition, low density or/and
high specific surface area are needed for catalysts, sensors, filtration
membranes, composites. Alumina and alumina-based compounds like spinel
Al,MgO4 or mullite AlsSi,0;3 are of special interest because of their thermal
stability and mechanical properties. This paper describes the synthesis of these -
compounds and various ALOs;-metal or ALO;-oxide composites with
nanometric grain size starting from porous alumina precursors.

NANOMETRIC ALUMINA AND SiO,-MODIFIED ALUMINA

The starting materials are monolith alumina preforms consisting of
nanometric amorphous or y-aluminas. In particular, we have used porous
monolithic samples obtained by room temperature oxidation of Al plates
through a liquid mercury layer [1]. The composition and the structure of
hydrated alumina filaments produced by this way were described by Pinel and
Bennett [2]. The new process that we have developeé produces shaped alumina
monoliths at a typical rate of about 10 mm.h” and the growth can be
maintained durmg tens of hours. These alumma samples have a very light

density ranging from 0.01 to 0.05x10° kg.m> depending on the growth
conditions.




After a dehydration treatment at 400°C, Al,O3; amorphous monoliths are
obtained with a nanostructure consisting of tangled filaments of about 5 nm
diameter with large voids between them (fig. 1). The material crystallises first
into y-alumina at 870°C and then transforms into 6-alumina above 1100°C.
The average grain size is about 10 nm and the density remains very low
(< 0.1x10° kg.m™). At 1200°C-1250°C, transformation into o-alumina occurs
which leads to a microstructure with 200-300 nm grain size (fig. 2). Density
increases by about one order of magnitude at the 6 — o transition and above
1350°C densification occurs by sintering of the o alumina phase. Thus, various

alumina samples with a controlled porosity can be prepared by adaptmg the
thermal cycle.

Figure 1 : raw alumina sample Figure 2 : after annealing at 1200°C
(second electron SEM image) (second electron SEM image)

The very high porosity of starting hydrated raw monoliths allows a rapid
and homogeneous impregnation by gaseous species. In particular, a flow of
silicon alkoxides diffusing inside the porous network is hydrolysed by the
hydrated alumina surface. A remarkable modification of the thermal behaviour
of alumina is obtained when a low amount of silica (about 6%°weight Si0,) is
incorporated by this way using trimethylethoxysilane (TMES). Without Si
addztton the specific surface area of the raw material ranges between 300 and
420 m’.g?! depending on preparative conditions. Aﬁer crystalhzatmn the
specific surface area stays reiatwely high (around 100 m®.g™) and considerably
decreases towards 5 m’.g" at the 8—>o. transformation. Silica addition delays
the transformation into a-ALOs up to 1400°C instead of 1200°C without silica
addition. This chemical modification stabilizes aluminas with high specific
surface area at higher temperature as shown on Figure 3.
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Figure 3 : Variation of the specific surface area versus temperature
(4 hours annealing) for porous alumina impregnated or not by TMES.

NANOSTRUCTURED ALUMINA COMPOUNDS
a) nanometric mullite: ;

Similarly, silica can be incorporated using tetraethoxysilane (TEOS)
vapour. This alkoxide with four hydrolysable functions permits higher silica
additions than TMES. In particular, for the composition of mullite
3AL,05-2810;, nanometric mullite monoliths are obtained after reaction. The
average crystallite size determined from XRD line broadening is 10 nm at
1000°C and 30 nm at 1200°C (fig. 4). Transmission electron microscopy
(TEM) images show that this size corresponds to crystalline particles (fig.5).
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Figure 4 : X ray diffraction pattern of Figure 5 : HRTEM image of a mullite

nanometric mullite prepared at 1200°C nanocrystal prepared at 1200°C




b) nanometric spinels:

Liquid impregnation is another way for chemical species to be mtroduced
After absorption of aqueous solutions of divalent metal salts by porous alumina
preforms, calcination in air at low temperature (200-500°C) leads to
nanometric MO particles (M= Mg, Ni). A subsequent heating treatment
produces the reaction with alumina to form MALO, spinel phases For
example, after zmpregnatien of a porous alumina with a 300 nm grain size (ﬁg
2) with a magnesium nitrate solution, MgO is observed after annealing at
500°C, spinel appears at 900°C and the reaction is completed at 1200°C. After
treatment at 1200°C, the spinel samples keeps the same microstructure as that
of starting a-Al,Os. However, the transformation of each corundum grain into
spinel produces aggregated spinel crystallites with a size around 100 nm.
Similar behaviours and microstructures are obtained for NiALO; and CoAlLO4
porous samples [3]. ;

If the raw hydrated alumina is treated by TMES as previously exposed,
spinels are formed at a lower temperature after a similar impregnation by Mg
or Ni nitrate and annealing. Reaction into spinels occurs in that case at a finer
scale. The reaction starts at 700°C and is completed at 1000°C in 4 hours for
MgAl;O4 and NiALO4. This process allows to obtain nanometric spinels (fig.
6) with a microstructure similar to that of figure 1. The crystallite size stays in
the range of 10 nm up to 1000°C (fig. 7) These samples display a high specific
surface area which is higher than 40 m*.g™ for preparatlon at temperatures of
700°C to 1100°C.
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Figure 6: SEM image of a nanometric ~ Figure 7 : Average crystallite size of
NiAl,O4 spinel prepared at 1000°C ~ MgALOj spinel after 4 hour annealing




Al;,0;-OXIDE and ALO;-METAL NANOCOMPOSITES.

Particles of various oxides (TiO,, ZrO,, CeO;) were introduced on alumina
preforms by liquid impregnation of salt solutions. The size of crystallites
covering porous aluminas is in the range of 5 to 20 nm depending on
conditions of calcination and crystallisation [3-4]. This technique has been also
used to prepare WO3/ALO3; and MoOs/ ALO; catalysts for cracking and
skeleton isomerization of hexenes [5-6].

The reduction of nickel or cobalt oxides dispersed in y or ¢ alumina under
dihydrogen or a CO/CO, buffer atmosphere gives metal-ceramic composite
samples. Another route used was to reduce the spinel formed by the reaction
discussed previously. Depending on the preparative route, the temperature of
reduction (between 650 and 1025°C) and the oxygen partial pressure (between
10 to 102 atm), metallic particles have a size distribution varying from 10
nm to 100 nm [7]. These composites consist of Ni or Co particles dispersed in a
submicronic o alumina porous matrix or in a nanometric y or 6 phase (fig. 8).

Figure 8 : Nanocomposites consisting of Ni particles dispersed in y alumina

obtained by reduction of NiO at 700°C under a CO/CO; controlled oxygen

pressure (pO, = 102%atm). Left part : 10% volume Ni, right part: Svolume% Ni.
Backscattered electron SEM images.

CONCLUSIONS
This paper presents various examples of preparation of nanostructured

" porous materials based on alumina. The insertion of chemical species by

gaseous and liquid absorption into porous preforms followed by a thermal
treatment leads to the synthesis of alumina compounds with a nanometric or
submicronic microstructure. Metal-alumina nanocomposites can also be
prepared by this way and recently carbon nanotubes were grown inside such

“aluminas from cracking of an organic precursor [8].
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